ABSTRACT
In this study, we focus on the effect of micro-arrangement of sand particles on where Ls is the straight length between the tortuous flow path's end point; λ is the 107 diameter of capillary tube; Dt is the fractal dimension of tortuosity for porous media, 108 1<Dt<2 (Yu and Cheng, 2002) . 109 Select an infinitesimal element consisting of a bundle of tortuous capillary tubes 110 form porous media, the total number of capillary tubes in infinitesimal element can be 111 calculated by the power-law relation:
where Df is the fractal dimension for pore areas in porous media, 1<Df<2 (Yu and 114 Cheng, 2002); λmax is the maximum diameter of capillary tubes. 115 Afterward, the derivative of Equation (2) can be achieved:
The total number of capillary tubes in infinitesimal element can be derived from 118 Equation (3):
where λmin is the minimum diameter of capillary tubes.
121
Dividing Equation (3) by Equation (4) can achieve:
where f(λ) is the probability density function,
The probability density function satisfies the relationship:
, the above Equation (6) becomes:
When fluid flow in capillary tubes, the flow rate Q can be calculated by the where μ is fluid's viscosity; ΔP is the pressure gradient across the capillary tube.
132
The differentiation of flow rate of capillary tubes is (Yu and Cheng, 2002) : 
Due to 1<Dt<2 and 1<Df<2, then 3+DT-2Df>0. Simultaneously,
. Therefore, Equation (10) can be simplified as:
in Equation (11) will obtain the permeability 141 of porous media:
143
To obtain the fractal dimension of tortuosity Dt, the expression of tortuosity (τ) 144 can be obtained from Equation (1): The side length of the equilateral triangle in Fig. 1a can be calculated as:
where La is the side length. 160 The area of irregular pore among solid particles is given by:
where Aap is the area of pore in the unit cell. 
where ΔLa is the gap length between solid particles; λa is the average diameter of 173 capillary tubes in the equilateral triangle.
174
Generally, the tortuosity of flow path in porous media is the ratio of the length of 
180
For the flow path shown in Fig. 1a , the Lt and Ls respectively are:
where ho is the altitude of the equilateral triangle,
Consequently, the tortuosity of RTA is yielded:
The Df is determined using Sierpinkski gasket ( 
). Based on the Sierpinkski gasket, 190 the dimensionless pore area in RTA (Fig. 1a ) is approximated as:
where Aapd is the dimensionless pore area of RTA; 
210
where Ab is the total area of the square. Equation (33) can also be expressed as the 211 area of unit cell:
Again, the side length of the square is:
Consequently, the area of irregular pore in the square is given by:
where Abp is the area of pore in the square.
218
Approximate the pore as a circle and obtain corresponding maximum diameter: 
where ΔLb is the gap length between the adjacent two solid particles; λb is the average 227 diameter of capillary tube.
228
For the tortuous flow path in Fig. 1b , the Lt and Ls respectively are given by:
Afterward, the tortuosity of SPA yields: The dimensionless pore area of SPA (Abpd) can be yielded from Equation (44):
Substituting Equation (45) and Equation (46) into Equation (43), Df of SPA can be 244 derived:
The entry pressure of tortuous capillary tube (Pc) is defined by Young-Laplace Compared to histogram of porosity field in Fig. 4b , the shape of permeability is similar.
313
The individual heterogeneous permeability field of SPA is shown in Fig. 4e . 314 Corresponding frequency analysis of SPA reveals the permeability field is lognormal 315 distribution, while some difference appears compared with RTA (Fig. 4f) From the frequency of entry pressure in Fig. 4h and Fig. 4j (Fig. 5a ). Due to the heterogeneity of aquifer, some preferential flow appears and PCE 365 plume becomes irregular (Fig. 5b) . After 30 days, PCE plume almost touches the 366 bottom of aquifer (Fig. 5c ). When the PCE leakage is stopped, PCE migrates 367 continuously in aquifer for 70 days (Fig. 5d-f (Fig. 5e) , 386 while PCE plume based on SPA still keeps a significant distance from bottom (Fig. 6e) . PCE is removed from contaminated aquifer, occupying 79.00% of the total released 397 PCE (Fig. 5j) (Fig. 7e) . Significantly, the PCE 449 plume vertical infiltration rate in aquifer of RTA is slightly faster than PCE infiltration in 450 aquifer of SPA for 200 realizations (Fig. 7f) . Simultaneously, the second PCE plume 
Conclusions

486
The micro-structure of aquifer has important effect on macroscopic scale 
